Background: Ayurveda, systematically evolved science of the universe, focuses on preventing, preserving health, and curing diseases in a comprehensive way. This heritage is survived through the ages and Ministry of Ayurvedic, Yoga and Naturopathy, Unani, Siddha and Homeopathy (AYUSH) took a number of initiatives to showcase its usefulness at global levels. Exclusive and extensive use of various metals and minerals in therapeutics is an integral part in Ayurveda. But, safety and toxicity concerns in the past couple of decades opened debates in conventional community, which attempted to malign the glory of Ayurveda.
INTRODUCTION
Traditional systems of medicines are being utilized since thousands of years for healthcare by individuals in countries of the South-East Asia Region as well as in other parts of the world. In recent times, public interest has shifted toward traditional medicines for various concerns. They continued to be a valuable source of remedies to the people around the world to secure their health. 1 World Health Organization (WHO) also encourages, recommends, and promotes traditional medicines in national health programs because such drugs are easily available, comparatively safe, and people have faith in such remedies, and their industrial production is environment friendly. 2 They are attracting attention of developing countries too as an alternative or adjuvant to synthetic drugs.
The Ayurvedic Materia Medica comprises of resources of plant, animal, metal, and mineral origin, 3 which have been advocated for use in different pathologies. Exclusive and extensive use of various metals and minerals in therapeutics is an integral part in this system of medicine. Often, these resources (plant, animal, metal, and mineral) are being used as ingredients of poly-herbal, herbomineral, and metallic compound formulations by the seers, who have documented their clinical experiences and passed on the knowledge to further generations. Comprehensive description of drugs, their varieties, characteristics, identification methods, guidelines toward good collection practices (GCPs), good storage practices (GSPs), good manufacturing processes (GMPs), therapeutic use of such formulations, good dispensing practices (GDPs), regulations towards specific diet and deeds during treatment, possibilities of developing adverse effects and their management, etc., is vividly available in the classical texts of Ayurveda.
Considering the potentiality and possibility of significant contribution of Ayurveda in global healthcare, the science is receiving momentum as an effective alternative JDRAS to the conventional system of medicine by virtue of its systematic approach to cure and prevent ailments through natural resources. 4,5 Being used for over a long period, these medicines are acknowledged as safe, which is the ultimate proof for their nontoxic beneficial effects.
However, in the past couple of decades, the use of traditional interventions including Ayurveda has raised safety, efficacy, and toxicity concerns and initiated debates in scientific conventional community. [6] [7] [8] [9] [10] [11] [12] [13] [14] In addition to this, UN Environment Programme (UNEP) released a report Mercury-Time to Act, where imposing a ban on mercury for trade considering its effect on environment has been put forward. 15 Such controversies have tried to malign the reputation of Ayurveda at global levels.
MATERIALS AND METHODS
Classical texts of Ayurveda including Charaka samhita, Sushruta Samhita, and Ashtanga hridaya were reviewed for classical information. Published researches available at online databases like PubMed, etc., were screened to collect information.
RESULTS

Concerns on Metal /Mineral-based Formulations
(Rasa aushadhi)
Using processed metals/minerals, herbomineral preparations, i.e., Rasaushadhi in healthcare is the unique characteristic feature in Ayurveda. Different categories of metals, minerals, and other schedule E-1 drugs being used therapeutically in the system of Ayurveda are depicted at Table 1 . Various herbal or animal resources used during different pharmaceutical procedures help in converting the minerals and metals into bio-assimilable forms. Seers have prescribed specific processing techniques (Shodhana, Marana, etc., exclusively for schedule E-1 drugs and other drugs of metallic/mineral origin), which help in removing hazardous properties from these drugs. Classics have also prescribed testing methods (like Bhasma pariksha), which will tell the manufacturer whether the drug has attained a form, which does not have hazardous properties when used properly, i.e., with specified adjuvants and dosage prescribed by a physician. In the absence of such typical pharmaceutical procedures, there is a possibility of toxicity. 16 Parada (mercury), one of such important metals, is inseparable part of Ayurveda and is used in preparation of various formulations like Makaradhwaja, Rasa sindhura, etc. Classical preoperative procedures like Shodhana, Marana, etc., are mandatorily to be followed in the pharmaceutical processes of these formulations. Such procedures are anticipated to make the metals/minerals harmless and render suitable for therapeutic use. Meticulous guidelines have been laid down in classical texts while preparing Rasaushadhies. 17 In due course of time, exclusive techniques have been developed with an intention to prepare more bio-assimilable forms of metals/ minerals. Great care has been imposed while using metallic preparations in therapeutics. 18 These preparations are to be administered orally in specified quantities with great caution along with requisite Anupana (vehicles) like Ghrita (ghee), Dugdha (milk), Madhu (honey), Haritaki (Terminalia chebula), Agastya (Sesbania grandiflora), Sita (sugar), Dhanyaka (Coriandrum sativum), etc. Besides Anupana, exclusive regulations in terms of Ahara (diet) and Vihara (deeds) have also been imposed during the treatment period, as briefed in Table 2 . In the absence of Anupana and other classical posological considerations, adverse reactions are likely to happen. 19 In susceptible cases of toxicity, drugs are to be withdrawn for 1 or 2 or 3 days and then treatment can be continued. 20 Treatment for all such occurrences of toxicity is also mentioned in the classics.
The science is filled with concepts pertaining to drug administration. A few such approaches are provided in Table 3 that reveal the vision of the seers toward possible posological considerations, pharmacokinetics, and dynamics of various categories of formulations.
Regular Caution while Using Ayurveda Formulations
All the preparations are not recommended for all the patients. Ayurveda considers various factors before administrating a drug. The indications, dose, to whom to administer and to whom not to administer, what should be the vehicle, what are the diseases, where they are not recommended, etc. are major factors and extremely well described in classical texts. Qualified Ayurveda physician should consider these factors before they recommend any medicine in patients. 21, 22 Right drug at the right dose by the right route at the right time for the right person will always provide beneficial effects. 23 Increased morbidity, risk of unwanted effects, etc., have repeatedly been attributed with irrational drug use. 24 WHO also considers irrational use of medicines (overuse, underuse, or misuse) as a major problem in widespread health hazards. 25 This aspect has been considered by the pioneers of Ayurveda in addition to other possible ways by which toxicity, untoward effects can occur and provided all guidelines to avoid such occurrences. Even, if in any eventuality, some untoward effects are noticed due to noncompliance of code of conduct, the treatment procedures for such conditions have also been prescribed ( Table 2 ). 
JDRAS
Studies that have Proven Efficacy
There are good numbers of studies that have proven significance of Ayurvedic formulations in managing various disorders, where no satisfactory treatment is available in conventional system of medicine. A firstever, double blind, randomized, placebo-controlled pilot study comparing Ayurveda, methotrexate, and their combination, with approximately equivalent efficacy has been reported. 26 Formulations like Chandraprabha vati in diabetes, 27 Garbhachintamani rasa in lipid disorder, 28 Arogyavardhini vati in hepatic ailments, 29 Rasa sindhura as Rasayana and metabolic deficit reversal agent, 30, 31 Makaradhwaja in rheumatoid arthritis and as an antistress agent, 32, 33 Rajata bhasma as an hypnotic and analgesic agent, 34, 35 Sameerapannaga rasa in bronchial asthma, 36, 37 and Yashada bhasma in diabetes 38 have been established. Formulations like Swasa kuthara rasa, Smriti sagara rasa, Swarnamakshika bhasma, Hridayarnava rasa, and Tamra bhasma are reported to be free from genotoxic potential. [39] [40] [41] [42] Though mercury is said to be a potent neurotoxin, Rasa sindhura and Kajjali are proven to be safe and free from toxicity on the Zebra fish behavior model. 43 All such studies on Ayurvedic formulations provided leads, emphasizing safety, efficacy, and usefulness of traditional systems of medicines. A few more such evidences are given in Table 4 .
Proven Facts
Absorption, distribution, and excretion of all metallic compounds vary based on the chemical forms. Absorption of inorganic compounds of mercury in human body is poor on oral administration (10-15%), while organic mercurial compounds absorb more than 90%. In addition, organic mercurials cross blood-brain barrier and bloodplacental barrier, hence, they are more fatal. 44 Interestingly, many studies on Ayurvedic mercurial preparations have proven the chemical nature of the finished products to be inorganic (mostly sulfides). 45 Further, traditionally prepared mercurials are proven to be different from industrial mercurials and supported safety of such medicines. 46 Researches also established that cinnabar is not converted into methylmercury by human intestinal bacteria, thus, safe for human administration. 47
CONCLUSION
A drug can be panacea or poison. A drug satisfying the criteria of a standard drug will always become panacea, if it is used properly. On the other hand, a poorly prepared or manufactured drug, however, used skillfully, will always prove to be a poison. Importance of Ayurveda in global healthcare cannot be denied at any platform.
To showcase the actual potentiality, visionary pioneers have proposed of developing a strong networking in between sophisticated laboratories and Ayurvedic physicians. At the same time, they suggested of understanding chemical nature of the finished traditional products being administered in therapeutics, educating regulatory authorities, and consumers about the facts of basic traditional concepts that can help in differentiating myth and reality. 48 In addition to this • The actual effectiveness of Ayurveda is to be disseminated through systematically designed researches. Though RCTs are undisputed gold standards in researches of synthetic drugs, as such, they cannot be applied to Ayurveda. Approaches like whole body systems, multiphase optimization strategy (MOST), strengthening the reporting of observational studies in epidemiology (STROBE), etc., are to be attempted in researches that include Ayurveda drugs. • Simple case studies to multicentric studies can be initiated at least for noncommunicable diseases to show the potentiality of Ayurveda in providing satisfactory results. • Regulation of private AYUSH practices and accrediting mechanism at regular intervals may be thought of. • Empowering the farmers and villages with good cultivation, good agriculture practices. AYUSH Gram Yojana, the one initiated in Madhya Pradesh, may be revived and expanded to all states.
Shortcomings of previous studies that raised safety concerns are as follows: • Conventional scientists were not aware of traditional principles of patient examination, evaluation, and art of drug administration. • In most of the western studies, metallic drugs were subjected to chemical examination using standards applied in modern medicine, focusing only on the metallic content. No works are accounted on clinical or pharmacological aspects by them. The chemical forms of the metallic preparations were never thought to be attempted. • The number of cases with adverse reactions with the use of Ayurveda preparations is very few worldwide against the use of thousands of consumers. While reports with synthetic drug molecules are very frequently being published throughout the world. In such instances, blaming the traditional practices or metallic preparations is not appropriate. • In a few cases, the medicines are being purchased as over the counter or through Internet. This practice is not applicable in the practice of Ayurveda. This also indicates the trend of self-medications. 
JDRAS
• Another important issue is the nonavailability of baseline data for the heavy metals. There is always a possibility that the observed heavy metals in the product may entered into the product through crosscontamination or they may enter into the system of the consumer as contaminants through food or water.
In all such instances, one cannot raise a safety or efficacy concern and blame a drug or a system. It needs a thorough examination of different factors before coming to a conclusion.
Thus, it can authentically be said that comprehensive information is available in classical Ayurvedic literature reflecting that the pioneers of Ayurveda have welldocumented specific processing techniques, therapeutic dosage, and concurrent diet advice to avoid any ill effects along with treatment procedures for any complications that may arise due to irrational use of medicines.
In such circumstances, statements like Ayurvedic drugs are hazardous are nothing but ignorance about the age old science. Hence, a person who is unaware of such classical techniques, i.e., Shodhana, Marana, etc., only can raise concerns over the safety issues.
All this information leaves no doubt that the seers of Ayurveda were well versed with the pharmacokinetics and pharmacodynamics of metallic preparations. They took precautions to avoid any harmful effects resulting from their use in therapeutics. 49 Safe dosages were codified. Suitable Anupana (adjuvants) and dietary advises were recommended along with specific antidotes and treatments for any complication.
To conclude, it can be said that rational use of Ayurveda formulations is well established before the period of Charaka Samhita (more than 5,000 BC) which is evident from the clear descriptions available in the classic. This was the period when a greater part of the nations on the planet were just awakening. 50 Looking into the glorious heritage, evidences through the classical literatures, current practices, and pre-clinical observations, it can be authentically and strongly said that Ayurveda is boon to the ailing population.
